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Description 

SPECIFICATION 
5 TECHNICAL FIELD: 

[0001] The present invention rolates to a process for preparing an Isobutene polymer. More particularly, the present 
invention relates to an advantageous proco33 for preparing an isobutene polymer having functional groups at the 
terminals in the presence of an initiator. 
10 [0002] The polymer prepared by the process djsclcsod herein exhibits excellent weathering resistance and gas bar^ 
rler properties and good electrical insulating properties, and thus can be advantageously used as a starting material 
of coating agenl, sealing agent, soaling compound for electronic material, etc, 



is 



TECHNICAL BACKGROUND: 



[0003J Among lelechelic polymers, i.e., polymers having functional groups at a plurality of terminals, polymers having 
vinyl groups at both terminals are useful as starting materials of photo-setting rosins, ultraviolet(UV)-curing resins, 
electron radlatlon-curing resins, sealing compounds for electronics, adhesive s, modifiers, coating materials, soaling 
compound for building, elc. 

so [0004] A functional group -terminated polymer (terminal functional polymers), e.g., isobutono polymer having a chlo- 
rine atom bonded to a tertiary carbon at both terminals has been known to be produced by an inlfer process which 
comprises the cationic polymerization of isobutene In the presence of 1,4-biB[a-chloroisopropyl)benzene (hereinafter, 
simply referred to as M p-DCC) as an iniliator/chain transfer agent and boron trichloride as a catalyst (cl. U.S. Patent 
4,276,394). 

& [0005] Further many reports have been made by Kennedy et a|., that when the foregoing cationic polymerization 
reaction is effected in a solvent containing a halogenated hydrocarbon (e.g., molhyl chloride, methylene chloride) in 
the presence of an electron donor, an Isobutene polymer having a small Mw/Mrt value as delerminod by GPC, i.a, 
unilorm molecular weight can be obtained (Journal of Mac rornol ocular Science Chemistry, Alfi (f ). 25 (i 982), Prilymer 
Bulletin. 20, 413 (1988), Polymer Bulletin, 26. 305 (1091), JP-A-1-31E014 (the term "JP-A" as used heroin meains an 

30 "unexamined published Japanese patent application")). i 

[0006] The inventors made extensive studies of process for the production of an isobutene polymer by the (ore|golng 
inifer process on a commercial basis. In tho course of the studies, the following problems were made clear. 

(1 ) Since the polymerization reaction is normally effected at low temperatures, the solvent used exhibits a reduced 
■35 dissolving power Accordingly, when the monomer concentration is increased to enhance the yield, the resulting 

polymer separates oul. Thus, tho monomer concentration can hardly be enhanced. Referring lo Ihe process for 
tho preparation of butyl rubber, elc, examples of the preparation process which comprises the precipitation |of the 
resulting polymer have boon reported. However, the precipitation of Ihe polymer during the polymerization reaction 
must bo avoided to reduce Ihe molecular weight distribution of tho polymer. j 
*Q (2) The polymerization reaction rate is high. Therefore, when Ihe monomer concentration is increased, the resulting 

hoat generation during polymerization makos it difficult to control the reaction temperature. If the rise in the reaction 
temperature is too great, undesirable side reactions such as proton-initiated reaction and chain transfer reaction 
occur, increasing the molecular weight distribution (Mw/Mn) of the polymer and making it difficult to control the 
terminal functional groups. This disadvantageous ly produces a mixture of polymers having the following throe 
terminal groups: 

Chlorine terminal: -CH 2 C(CH 3 ) 2 CI 

Isopropenyl terminal: -CH a C(CH 3 )=CH s j 
internal olefin terminal: -CH=C(CH a )z * ! 
so In particular, if p-DCC is used, the rise In the monomer concentration gives a problem of subsidiary pro- 

duction of a large amount of an indanyl group having the following structure: 
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(3) Besides the effects on the properties of the polymer thus produced, the problem of toxicity caused by the use 
of a haloganic solvent arises, Most halogenaied hydrocarbons are hiGhly toxic Halogenated hydrocarbons have 
recently drawn attention from tho standpoint of environmental pollution. Thus, the exhaust of halogenated hydro- 
carbons out of the system Is now under severe regulation. The use of a halogenated hydrocarbon which has 
heretofore been used in the polymerization reaction, such as methylene chJorfdo and methyl chloride presents 
problems of deactivation of the catalyst artor tho polymerization reaction and disposal of waste water or waste 
solvent containing halogenated hydrocarbon generated at the rinsing step. In order to satisfy the regulation on 
exhaust, large scale facilities and high disposal coel are required. Tno regulation will likely be severer in the future, 
requiring further countormeasuree, 

[0007] It has been widely known Thai when the temperature of the polymerization reaction is raised, carbocations at 
tho growth terminal become instable, causing side reactions such as chain transfer and production-of indanyl group 
(J.P Kennedy. E. Marechal, Carbocationic Polymerization, John Wiley & Sons (1 932)). 

[0008] The rise in tho monomer concentration gives a greater rjse in the temperature of the polymerization reaction. 
Therefore, the monomer concentration usod in examples which have been reported is low and normally not more than 
1 moltf (Polym. Bull., 21, 5 0989), Pofym. Bull., 21, 125 (19B9), Polym. Bull, 21, 273 (1989), Polym. Bull., 21 2S3 
(1989), Polym. Bull., 26. 305 (1991), Polym. Bull., 29, 239 (1992)). 

[0009] However, from the Industrial viewpoint, it has boon keenly desired to raise the weight of polymer which can 
be produced per unit volume, 

[0010] Since carbocations as growth seeds must be stable In the polymerization of isobutene in a living cation system, 
it has heretofore been considered preferred to effect the reaction in a solvent having some polarity at a temperature 
low enough to allow cations to bo present in a relatively stable state. An isobutene polymer exhibits a low solubility In 
a polar solvent such as methyl chloride and melhyleno chloride at tow temperatures. Thus, a hydrocarbon solvent may 
be incorporated in the polar soivont to increase the solubility or the isobutene polymer in tho polar solvent, However, 
a report was made that the use of a mixture of methyl chloride and hexane wherein the proportion of hexane is not 
less than 40% causes chain transfer which appears in thB form of two poaKs on GPC chart (bimodal) (Polym. Bull.. 
21 , 273 (1 989)). The phenomenon that two peaks appear on GPC chart demonstrates the rise in the molecular weight 
distribution and is thus undesirable. 

[0011] Further, JP-A-3-1 74403. JP-A-3-26760S, and U.S. Patents 4.327,201 and 5.169,914 disclose that as a po- 
JymerJzatlon soivont there may be used an aliphatic organic solvent such as butane, pantane. hexane and heplane, 
aromatic organic solvent such as benzene, toluene and xylene, nitre compound such as nitromethane and nitroethane. 
halogenatod organic solvent or mixture thereof without any restriction so far as it exerts no adverse effects on tho 
polymerization activity of the initiator. 

[0012] However, Ihe examples in these patents moroly give examples of a mixture of methylene chloride and hexane 
having a high polarity. Further, tho resulting isobutene polymer contains a large number of indanyl groups as by-prod- 
ucts. Thus, desirable polymers cannot be obtained. Moreover, as described in the comparative examples ol the present 
application, the polymerization in the presence of hexane, which has a low polarity, produces an isobutene polymer 
having a molecular weight distribution (Mw/Mn) as extremely high as 7.02 and a largo number of indanyl groups. Il 
has thus been made clear that the foregoing polymerization process js not desirable, 

[0013] An object of the present-invention is to solve the foregoing problems and thus provide a process for the 
preparation or an industrially favorable Isobutene polymer. 

DISCLOSURE OF THE INVENTION: 

[0014] The inventors lound that tho conventional problems can be solved by the use of a solvent having a specified 
dielectric constant. The inventors also round thai the use of such a solvent makes It possible to obtain the desired 
isobutene polymer having a small molecular weight distribution without using the halogenated hydrocarbon which hae 
heretofore boon usod. If no halogenated hydrocarbons are used, there arises no problem of thB discharge of halogen- 
ated hydrocarbons. This advantageously provides a drastic reduction of facilities and cost required For disposal of 
waste water, making il possible to solve the foregoing problems (1) to (3) at once. However, whether or not such a 
halogenated hydrocarbon is present has no specific effects on the properties of the resulting polymer. Even if a solvent 
containing a halogenated hydrocarbon is used, when the content of halogenated hydrocarbon is reduced to lower the 
polarity of tho solvent, the foregoing problems (1) and (2) can be sotved. 

[0015] The present Invention relates to a process for preparing an isobutene polymer having functional groups at 
the terminals at a temperature of from not lower than *100°C to not higher lhan 0 9 C from the following components as 
essential components: 

(A) a cationlcaily polymori2ab|a monomer containing isobutene; 
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(B) an organic compound as an initiator/chain transfer agent represented by formula (1): 

RM-C-X/n (1) 

10 wherein X represents a halogen atom, an RO- group or an RCOO-group (in which F| represents a monovalent 

organic group); R 3 represents a polyvalent aromatic group or a substituted or unsubstituted polyvalent aliphatic 
hydrocarbon group; R 1 and R 2 may he the same or different and each represent a hydrogen atom or a substituted 
or unsubstituted monovalent hydrocarbon group, with the proviso that when R 3 is a polyvalent aliphatic hydrocarbon 
group, one ol B 1 and R 3 is not a hydrogon atom; and n represents an Integer of from 1 to 6; 

is (C) an aprotic solvent free of haiogenated hydrocarbon; and 

(D) a Lewis acid, excluding djalkyl aluminium ch bride and dialkyl boron chloride wherein tho component (C) exhibits 
a dielectric constant of from not less than 2.0 to nol more than 4-0 at a tomporature of 20°C. 

[00161 Furthermore, the invention relates to a procoss for preparing an isobutene polymer having functional groups 
so at the terminals at a temperature of from not lower than -100 B C to not higher than Q P C from the following components 
as essential components: 

(A) a cationically polymerizablo monomer containing isobutene; 

(B) an organic compound as an initiator/chain transfer agent represented by formula 0)' 



30 



ft 2 



(1) 



wherein X represents a halogen atom, an RO- group or an RCOO-group (in which R represents a monovalent 
. organic group); R 3 represents a polyvalont aromatic group or a substituted or unsubstituted polyvalent aliphatic 
$s hydrocarbon group; R 1 and R 2 may be the same or different and each represent a hydrogen atom or a substituted 

or unsubstituted monovalent hydrocarbon group, with the proviso thai when R a a polyvalent aliphatic hydrocarbon 
group, one of R 1 and R 2 is not a hydrogen atom; and n represents an integer of Irom i io 6; 

(C) an aprotic solvent containing halogenated hydrocarbon; and 

(D) a Lewis acid, excluding dialkyl aluminium chloride and dialkyl boron chloride whe rein the component (C) exhibits 
40 a dielectric constant of from not less than 3,5 lo not more than 5.5 at a temperature of 20°C, 

[0017] The component (C) contains preferably an aromatic hydrocarbon. 

[0018] The component (C) is preferably a mixture of an aromatic hydrocarbon and an aliphatic hydrocarbon, 
[0019] In a preferred embodiment the component (C) exhibits a dielectric constant of from not lees than 2.0 to not 
45 more than 2.5 at a temperature of 20°C. 

10020] Tho aromatic hydrocarbon can be selected from the group consisting of benzene, toluene, xylene and ethyl- 
benzene, 

[0021] The concentration of the component (A) in the system is preferably from 5 to 40 wl%. 
[0022] The component (8) may bo selected from the group conslsllng of p-dlcumyl chloride, m-dicumyl chloride, p- 
so dicumyl mothoxjde, m-djcumyl methoxide, 1 ,3,5-tricumyl chloride and 1 ,3,5-tncumyl methoxide. 
[0023] The component (D) may be boron trichloride or (Itanium tetrachloride. 

[0024] An electron donor may further be added as a component (E) in addition to the components (A) to (D). 
[002S] The invention relates also to a process for preparing an isobutene polymer having carbon-carbon double 
bonds at the terminals, which comprises adding an allyl trimethylsilano in an amount of from 0.5 to 1 ,5 mol per mol of 
as the group X In the component (B) before the formation of an isobutene polymer terminated by functional groups as 
described above or before the deaclivaiion of the component (D) following tho formation of the isobutene polymer, 
[0026] The invention relates also to a procoss for preparing an isobutene polymer having carbon-carbon doublQ 
bonds at the terminals, which comprises adding 1,9^decadiene in an amount of from 1.5 to 10.0 mol per mol of the 
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group X in the component (B) bofora the formation of an Isobutene polymer terminated by functional groups as doscribad 
above or before the deactivation of the component (D) following the formation of the jsobutene polymer. 
[0027] In tho present invention, the number-average molecular weight (Mn) of the Isobutene polymer is usually from 
500 to 300,000, preferably from 1,000 to 50,000. II Mn is smaller than 500, tho excellent characteristics Inherent to 
isobutono polymers are lost. On the contrary, If Mn exceeds 30Q,D00, the resulting polymer is solid, extremely deteri- 
orating its workability. The number-average molecular weight (Mn) and ivWMn value of the isobutono polymer wero 
determined by GPC using a polystyrene gel column (Shodex K-804, manufactured by Showa Denko K.K.; mobile 
phase: chloroform) in polystyrene equivalence. 

[0028] The term "cationicaliy polyrnerteable monomer containing jsobutene" as usod horein is not limited to a mon- 
10 omer made only of isobutono but is meant to include a monomer the jsobutene component of which is substituted by 
a cationicaliy polymerizable monomer copolymerizable with isobutene in a proportion of not more than 50% by weight 
(hereinafter, simply referred to as "%"), 

[0029] Examples of the cationicaliy poiymorizabio monomer copolymerizable with isobutene include olefins having 
3 to 12 carbon atoms, conjugated dlenes, vlnyt ethers, aromatic vinyl compounds, norbornenes, and vinyl silanos, 
i5 Preferred among these cationicaliy polymerizable monomers are olefins having 3 to 12 carbon atoms and aromatic 
vinyl compounds. 

[0030] Specific examples of the cationicaliy polymerizable monomer copolymerizablo with isobutene usually include 
propane, 1 -butane, 2-butene, 2-methyl-1-butene, 3-methyl-1-bu(ene, penlene, hexene, cyclohexene, vinyl cyclohex- 
ane. 5-elhylidenonorbornano T 5-propyljdensnorbornene, butadiene, isoprene, cyclopentadisne, methyl vinyl ether, 

20 othyl vinyl ether, leobutyl Vinyl ether, vlnyi carbazole, methoxystyrene, ethoxyslyrene, t-cutoxy sty rone, hexenyloxysty- 
rene, styrene, a-rnethylstyrene, methylstyrono, dimethyistyrene, chJoromethylstyreno. ch lorosty rene, indene, p-plnene, 
vinyltrtchlorosilana, vinylmethyldichbrosilane, vlnyldlmethylchlorosilane, vinyldimethylmethoxysilano, vjnyltrimothylsi- 
lana, divinyldichlorosilane, divinyidimothoxysilano, djvjnyldjmethylsilane, i,3-djvjnyM,l ,3>tetramethyldteiloxane, triv- 
inylmothylsilana, v-nnethacryloyloxypropyltrlmethoxysliane, and7-methacry|oyloxypropy|methyldimcthoxysj|ano. 

SS [0031] Proferrad among these cationicaliy polymerizable monomers are propene, l-butene, 2-butene. cyclopenta- 
diene, 5-eihylldenBnorbornene, isobutyl vinyl othor, methoxystyrene, and styreno. One of these cationicaliy polymer- 
izablo monomers copolymerizable with Isobutene may be used in combination with isobutene. Two or more of those 
cationicaliy polymerizable monomers may ho used in combination. 

[0032] In the present invention, the monomer concentration during polymerization is normally from 1 to 75 wt%, 
so preferably from 5 to B0 wt%, more preferably from 10 to 40 wt%, most preferably from 15 to 30 wl%. If the monomer 
concentration Is less than 1 wt%, the production efficiency is disadvantageous^ reduced, though causing no troubles 
on the polymerization itself. If the monomer concentration exceeds 75 wt%, the polymerization system Is a precipitation 
system, making it impossible to obtain a good polymer. 

[0033] Examples of tho compound represented by the foregoing formula (1 ) of the present Invention Include a com- 
3 s pound represented by formula (2): 



AY a (2) 
40 whBreln A represents a group having 1 to 4 aromatic rings; Y represents a group represented by formula (3): 

I 

45 -C-X ( 3 ) 

R 7 

(in which R a and fl 7 may be the same or different and each represent a hydrogen atom or a monovalent hydrocarbon 
so group having 1 to 20 carbon atoms; X roprosents a halogon atom, an F^COO- group (R 4 represents a hydrogen atom 
or an alky I group having t to 5 carbon atoms) or an R s O- group (R 5 represents a hydrogen atom or an alky) group 
having 1 to 5 carbon atoms)); and n represents an integer of from 1 to S; 
a compound represented by formula (4); 

ss 

*Zm (4) 
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70 



1$ 



wherein B represents a substituted or unsubstlruted hydrocarbon group having 4 to 40 carbon atoms; Z represents a 
halogen atom bonded lo tertiary carbon atom, an FFCOO- group (in which fl 8 reprasonts a hydrogen atom or an alkyl 
group having 1 to 5 carbon atoms) or an R 9 o- group (In which R 9 represents a hydrogen atom or an alkyt group having 
1 to 5 carbon atoms); and m represents an integer of trom 1 to 4; and an oligomer having a-halostyrene units. However, 
the present invention is not limited to these compounds. These compounds may be used singly or in combination. 
[0034) In the compound represented by the formula (2). the group A having 1 to 4 aromatic rings may be either one 
•produced by a condensation reaction or may be an uncondensBd product. Examples of the group containing aromatic 
rings include phenyl, blpbenyl, naphthyl, anthryl, phenanthryl, pyrenyl, dl- to pentavalenl groups derived from these 
groups, and mono- to hexavalenl groups dorivod from PrV(CH 2 ) r Ph (In which Ph represents a phenyl group, and.1 
represents an integer of from 1 lo 10), These groups having aromatic rings may bo substituted by stralght^chain and/ 
or branched aliphatic hydrocarbon groups having t to 20 carbon atoms or groups containing a functional group such 
as hydroxyl group, ether group and vinyl group. " j 

[0035] A3 the compound represented by the lormula (4), thoro may also bo usod one having a functional group other 
than Z, such as vinyl group and silyl group. ! 
[0036] Examples of the oligomer having an a-haloslyrene unit, which can be usod as the initiator/chain transler 
agent, include oligomers of ct-chlorostyrano, and oligomers obtained by the copolymsrizalion of ct-chiorostyrene wjth 
a monomer copoiymorizable therewith. | 
[0037] In the present invention, the use of a compound having two or more halogen atoms, R*CCx> groups (in which 
R 4 represents a hydrogen atom or an alkyl group having 1 to 5 carbon atoms) or FPO* groups (in which R fi represents 
a hydrogon atom or an alkyl group having 1 to 5 carbon atoms) or a compound having a halogen atom, an R'COO- 
group or an RSo group and other reaclive Junctional groups, from among tho compounds represented by the formula 
(1), as an initiator/chain transfer agont, can advantageously provide tne resulting polymer with a higher functionality. 
[0038] Specific examples ot the compound represented by the foregoing formula (1), which can be usually employed, 
include tho fo| towing compounds: 



CH 3 CHj 



Cr 



^2 



CH 3 




C(CH 3 } 3 



35 



40 



x- 




CX(CH 3 ) 3 



CX(CH 3 h 



CH 3 
CH 3 



CH 3 



4S 



SO 




CH 3 CM 3 : 



ch 5 ; 



ss 
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CH 3 CH 3 



iff 



T5 



35 



40 



£0 



55 



CH 3 CH 3 CH 3 

I I I 

X-C- Ch' 2 CH2 — C-X CHq-C-X 

I I I 

CH 3 CH 3 , ' CH 3 



MVM (n-C.H 17 , 

I I I I I 

X-C-CH 2 CH 2 CH 2 CK 2 — C-X X-C- CH 2 CH2 — C— CH a CH2-C-X 

CH 3 CH 3 CHj 



I 

** <n-C a H iy ) (n-C B H 17 ) 



CH 3 

H 2 C=CH-CH 2 CH^CM,CH 2 - 0 > ~<^Jf - CH 3 - X j H a C.CH-CH a CH a CH a CH a - C - X 

CH 3 



and 



H 2 C^CH-CH 2 CH 2 CH 2 CH 2 - O C - X 



CH 3 

whefQin X represents a halogen atom, an fl 4 COO- group (in which R 4 represents a hydrogen atom or an alkyl 
group having 1 lo 5 carbon atoms) or an R*0- group (in which fi s represents a hydrogen atom or an alkyl group 
having 1 to 5 carbon atoms); and 

oligomer of o>ehloro$tyrene, However, the present invention is not limited to theso compounds. Preferred among 
theee compounds are compounda such as 



CH 3 _ CHu OH 2 CH 3 

CH 3 CH 2 r C H 3 CH 3 
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CH 3 
I 



,CCl(CHah 



c| -?-<0) 



CH 3 



CH 3 



,C{CH 3 ) 3 



CC((CH 5 ) 2 



10 



15 



CH 3 



CH 3 



CH 3 CH 3 

( i 



CH 

ch 3 — JL I I 

55 ' J 



50 



35 



50 



CH4 CH 3 CHj 

Cl-C- CH 3 CH2 - C- CH.CH2 -C- CI 
CH 3 CK 3 c Hj 



CH 3 

H^=CH-CK a CH a CH s CHi ~ 0 "(Q^ CH a - CI H 2 C«CH-CH 2 CH 3 CH}CH a — C — CI 



40 and 



H 

as H 2 C=CH -CHaCH 2 CHaCH a — 0 -^)- C - CI 



CK 3 COO- graup-conlaining compounds such as 



5 ? H > ?*' <T Hl M 
CH 3 CO — C-CH->— C-CH 2 — C-CH 2 -0 — CCH a 
55 I'll 

CH 3 C-H3 CH 3 



a 
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s ? h > ^ s 

CH 3 CO — C-CH ? -C-CH 2 — C-CH 2 -Q— CCH 3 



I 



I 

O 

C-0 
I 



I 

CH 3 



50 



CH 3 CQ -C-@-C-occ Ha and 
CH 3 



CH 3 0 



ch,co-chO 



C (CH 3 ) 2 OCCHj 



c ( c H 3 )z OCCH3 
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[0039] Theso compounds are components which are used as initiators/chain transfer agents. Thoso compounds 
may be used singly or in admixture in the present invontion. By controlling tho amount ot these compounds to be used, 
45 the number-avorago molecular weight ot the resulting laobutenB polymer can be arbitrarily predetermined. 

[0O4O] In 1he present invention, the amount ol iho compound represented by the foregoing formula (i ) lo be used is 
usually from 0.01 to 20% by weight, preferably from 0.1 to 10% by weight based on the weight of the cationically 
polymerizable monomer containing isobutono. 

[0041] As the Lewis acid which can be used in tho present invention, there may bo used any Known metal complex 
so apart from dialkyl aluminium chloride and dialkyl boron chloride. In general, Tjci 4 , BCI 3 > SnCJ 4 , AIC| 3 , CH 3 CH 2 A|Cl a , 
VCI 5 , FeCI 3l BF 3 , etc. may bo used, However; the present invention is not limited to the6e compounds. Preferred among 
these Lewis acids are TiCl 4 and BCI 3 . 

[0042] In tho present Invention, the Lewis acid is usually used in an amount of from 0.1 to 100% by woight, preferably 
from 1 to 30% by weight based on the weight of the calionically polymorizable monomer containing isabutene, If the 
55 amount of the Lewis acid to be used as a catalyst component falls below 0.1% by weight, a problem arisos that the 
yield ol the product of the cation ic polymerization reaction is reduced. On tho com ran/ if the amount of the Lewis acid 
exceeds 100% by woight. no merits can be obtained. 

[0043] In tho present invention, the aproilc solvent Tree of halogenaled hydrocarbon, if used as a polymerization 
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solvent, should have a dielectric constant of from not Iqss than 2.0 to not more lhan 4.0 at a tamparaturo of 2Q°C. If 
Ihe dielectric constant of the solvenifalls below 2, a good isobutona polymer could not be obtained. (Therefore, peniane. 
hexane, etc. cannot be used as single solvent.) 

[0044] Examples ol the aprollc solvenl lree of halogenated hydrocarbon to bo used as a polymerlzalion solvent 
s include butane, pentane, naopontane, hexane, cyclohexane, melhylcyclohexane, ethylcyclohexano, heptane, octane, 
benzene, toluene, xylene, and ethylbenzena. Preferred among these aprotic solvents are toluene, hexane, and hep- 
tane. 

[0045] Examples of the mixed solvent (mixing ratio (vol/vol)) include various combinations such as toluene/hexane 
(5/5 to 10/0), loluene/heptane (5/5 to 10/0), toluene/methyicyclohexane (5/5 to 10/0) and toluene/othylcyclohoxano 

io (5/5 to 10/0). One ol unexpected merits which have boon made obvious in the course ot the study in the present 
invention is the fact that the use of a solvent tree of halogenated hydrocarbon makes it possible to obtain a good 
isobutane polymer even if the dielectric constant of the solvent is low. A low dielectric constant system tends to show 
a small temperature rise during polymerization reaction. Therefore, the problem ol heat removal accompanied by scal- 
ing up the reaction can be easily solved. 

is [0046] In the present Invention, the aprotic solvent containing halogenated hydrocarbon, if used as a polymerization 
solvent, should havo a dielectric constant Ol from not lees than 3.5 to not more than 5.5 at a temporature of 20°C, 
[0047] Specific examples of the aprotic solvont containing halogenated hydrocarbon to be used as a polymerization 
solvent include a mixture of halogenated hydrocarbon such as methyl chloride, methylene chloride, 1 ,2-dichloroethane, 
1,1-dichloroothane and chtorination product of propane, butane and pentane and hydrocarbon such as butane, pen- 

20 tane, neopentane, hexane, cyclohexane, methylcyclohexane, ethylcyclohexane, heptane, octano, benzene, toluene 
and xylene. Examples of the mixed solvent include various combinations such as methylene ehlorlde/hexane, methyl 
chlorlde/hexane, and methylene chloride/heptane. Heretofore, If a solvent containing halogenated hydrocarbon is usod, 
the polymorization has bean often effected in a solvent system having a dielectric constant of not less than 6. In the 
present invention, by reducing iho dielectric constant of the solvent, the polymerization rate can be controlled, making 

25 it possible to control the temperature rise during polymerizaiion. 

[0048] In the present invention, the dielectric constant of the mixed solvent system can be approximately calculated 
by dotormining the additive mean (arithmetic mean) of the dielectric constant of the constituents over the mixing ratio 
of the constituents on a weight-average basis. The dielectric consl:ant (typical value) of various solvents usod for the 
calculation ol the dielectric constant of the mixed solvent will be listed below. 

30 [0048] Toluene: 2.24; othylbenzene: 2.40; o-xylene: 2.27; m-xylene; 2.37; n-penlane: 1.B4; n-hoxano: 1.89; n-hep- 
tan©: 1,92; methylcyclohexano: 2.02; methylene chloride: 7.77; melhyl chloride: 12.9 

[0050] In The present invention, the polymerization solvent is proforably free of halogenated hydrocarbon for the 
reason that waste water disposal facilities can be simplified. The term "solvent free of halogenated hydrocarbon" as 
used in the prosont application is meant to Indicate a solvent which may contain halogenated hydrocarbon to an extent 
as such that no special treatments for halogonatod hydrocarbon in waste water or wasla solvent generated from the 
ctilHlyst deactivation and rinsing process after polymerization reaction are required. 

[00S1] In the present invention, an election donor is preferably used as the component (E) to control side reactions 
more efficiently. As the electron donor component there may bo widely used any known electron donor components 
having a donor number of from 15 to 50. Preferred examples of such electron donor components includa pyridines, 

40 aminos, amides, and sulfoxides. 

[0052] Specific examples of the electron donor component usually include 2,6-dl-l-butylpyridine, 2-t-buty I pyridine, 
2,4,6-trimothylpyridine, 2,6-dlmethylpyridine, 2-methylpyndino, pyridine, diethylamine, trimethylamine, triethylamlne, 
tributylamino, diethylamine, N.N-dlmethytanliine, N,N-dimethylfarmamido, N.N-dimoihylacetamide, N.N-diethylaceta- 
mide, dimethyl9ultoxide, diethyl other, methyl acetate, ethyl acetate, trimethyl phosphate, and triamido hoxamothyl- 

as phosphate. Preferred among these electron donor componants are 2,6-di-t-butylpyridino, 2,6-dimethylpyrldlne, 2-meth- 
ylpyridine, pyridine, dioihylamine, trimethylamine, trleihylamrne, N.N-dlmelhylformamide, N.N.dimethylacatamide, and 
dimethylsulfoxide. Prolines are further preferred. Particularly preferred of these electron donors isa-pico|ine (2-meltv 
ylpyridine), which can oxen a remarkable eflect despite of its small donor number. 

[0053] In the present invention, the electron donor component Is usually used in an amount of from 0.01 to 10 mol, 
so proforably from 0.1 to 2 mol per mot of the group X in the compound represented by the general formula (l). 

[0054] In the present invention, the polymerization reaction is nol specifically limited and can bo accomplished by 
any conventional polymerization method. Among the foregoing components, i.e., (A) catlonlcalfy polymerizable mon- 
omer containing isobutone and (D) Lewis add, a solution containing (P) a Lewis acid may bo added to a solution of 
(A) a cationicalty polymerizable monomer containing isobutone in a batch process, Alternatively, a solution of (A) a 
ss cationlcally porymarizable monomer containing Isobutylene may bo continuously added to a solution containing (D) a 
Lewis acid in a sBmi-batch process. Further, a continuous process may be employed which comprises continuously 
charging all the loragoing components into the reaction system while withdrawing the reaction product. 
[0055] In the present Invention, the polymorization reaction can be followed by a substitution reaction or addition 
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reaction on the functional terminal groups formed al the terminals ol the polymer to produce an isobutane polymer 
having carbon-carbon double bends at the terminals. In other words, the reaction of the resulting isobutene polymer, 
preferably at tertiary chlorine group end, with a specific Bnd capping agent makes it easy to obtain a polymer having 
carbon-carbon double bonds at the terminals. In general, Ihe functional terminal group Is chiefly a tertiary halogen 

5 group. However, tpa foregoing isopropenyl group or internal olefin group may be included. 

[0056] For example, in the conversion of chlorine group end to carbon-carbon double bond end by the substitution 
reaction using an ally! trimethylsilane, the desired cr rbon-carbon double bond end can be easily produced only by 
adding a required amount of an Bllyl trimethylsilane boforo the deactivation of the component (D). The reaction tem- 
perature is preferably as low as the polymerization temperature. Since the substitution reaction proceeds at a high rale 

10 al low temperatures, it is usually completed in 30 minutes. The amount of the aNyl trimethylsilane to be used may be 
from 1 .0 to 1 .5 mol per moi ol the group X in the component (B). If it is necessary to obtain a polymer having a small 
content of carbon-carbon double bonds, the amount of the ally I trimethylsilane added may be not more than 1 mol per 
mo| of the group X. Since the ally) irlmeihylsllane dOBen't lake part In ihe polymerization reaction, it may be added lo 
the reaclion system before polymerization. 

is 

(Reaction scheme] 
[00S7] 

P-C(CH 3 ) 2 CI -> P-C(CH 3 ) 2 CH 2 CH=CH 2 
wherein P represents a polymer residue. 

[0058] Further, in the conversion of chlorine group end to carbon-carbon double bond end by tho addition reaction 
2s using a non«conju gated djene such as 1 ,9-decadiene, the desired carbon-carbon double bond end can be easily pro- 
duced only by adding a required amount or a non-conjugated diene before the deactivation of the component (D) as 
in the case wnoro an allyl trimethylsilane is used. The addition reaction temperature is preferably as low as the polym- 
erization temperature. The addition reaction at low temperatures js usually completed in about S hours. The amount 
of the non-conjugated diena to be used may be from 1 5 to 10.0 mol per mol of the group x In the component (B). If It 
30 js necessary to obtain a polymer having a small carbon-carbon double bond content, the reaction time may bo roduced. 
Alternatively, the amount ol 1 ,9-decadiene added may be not more than 1 mol per mol of the group X. In this system, 
a Lewis acid as the component (D) may be added, or the reaction temperature may be further lowered for the purpose 
of further reducing the addition reaction rate. 

55 [Reaction scheme] 

[0059] 



40 P-C(CH a ) 2 Gt -> P-C(CH a ) 2 CH a CHCI(CH a ) B CH=GH 2 

wherein P represents a polymer residue. 

BEST MODE FOR CARRYING OUT THE INVENTION: 

[0060] The present invention will be further described in tho following examples, but the present invention should 
not be construed as being limited thereto. 

Example 1: 

so 

[0051] In a reaction vessel were charged 276 m£ of toluene, 112 rrtf of an isobulBne monomer, 1.156 q of p-DCC 
and 0.186 g of u-picoline. The reaction mixture was then stirred with the reaction vessel being surrounded by a dry 
jce-ethanol bath so that it was cooled lo a tomporaturo of -70° C. A mixture of 3.95 me of TiCI 4 and 4 mtf of toluene was 
then addod to the reaction system lo Initiate reaction. After the completion o1 the reaction, the reaclion solution was 
55 poured into a large amount of water with stirring so thai jt was washed. The resurting organic phaso and aqueous 
phase were then separated from each other to remove the catalyst. The organic phase was then subjected to evapo- 
ration under reduced pressure to remove the volatile content. Thus, an isobutene polymer was obtained. The reaction 
conditions used and the properties of the polymer thus obtained are shown in Tables 1 and 2 below. 
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Example 2: 

[0062] The air in a 500-m£ four-necked flask with a throo-way cock was replaced by nitrogen. Into the vessel wcro 
charged 280 ntf of toluona (which had been allowed lo stand with molecular sieves 3A overnight or longer so thai It 

B was dried) and 2.31 g (10 mmoQ of p-DCC through a syringe. Tothe three-way cock was then connected a pressure 
glass liquefied gas thiol tube equipped with a needle valve in which 11 2 m€ of an isobutene monomer had been charged. 
The polymerization vessel was then dipped In a -60°C dry ice/ethanol bath so that it was cooled. The system in the 
vessel was then evacuated by a vacuum pump. The needle valve was then opened so that the isobutene monomer 
was introduced from me liquefied gas thief lube into Ihe polymerization vessel. Nitrogen gas was then introduced inlo 

iO the polymerization vessel from one of the throe ways of the cock so that the pressure ot the vessel was returned to 
normal value (atmospheric pressure). 0.185 g (2 mmol) of 2-mothylpyridine was then charged into the polymerization 
vessel. 2.74 mf (25 mmol) of titanium tetrachloride was then added to the -60*C monomer solution to initiate polym- 
erization. When 60 rninuios passed since the Initiation ol trie taction, 3.42 g (30 mmol) of an allyl trimethylsilane was 
added to the reaction mixture. The reaction mixture was further allowed to undergo reaction at a temperature of -60°C 

16 for 120 minutes, The reaction solution was then washed with 200 rrtf of water four times, The solvent was then evap- 
orated to obtain an isobutene polymer. The reaction conditions used and the properties of the resulting polymer are 
altogether shown In Tables i and 2. 

Example 3: 

so 

[0063] The air In a 3DD-m£ four-nocked flask with a three-way cock was replaced by nitrogen. Into the vessel were 
charged 112 m€ of toluene (which had been allowed lo eland with molecular sieves 3A overnight or longer so thai It 
was dried), 49 mtf of heptane (which had been allowed |o stand with molecular sieves 3A overnight or longer so that 
it was dried), 1.16 g (5.0 mmol) of p-DCC and 0.093 g (1 mmol) of 2-mothylpyridino through a syringe. To the three- 

25 way cock was then connected a pressure glass liquefied gas thief tube equipped with a needle valve in which 56 rrtf 
of an isobutene monomBr had been charged. The polymerization vessel was then dipped In a -70 a C dry ice/ethanol 
bath so that it was cooled, The system in the vessel was then evacuated by a vacuum pump. The needle valve was 
then opened so that the isobutene monomer was introduced from the liquefied gas thief tube into the polymerization 
vessel. Nitrogen gas was then introduced into the polymerization vBBsel from one or the throo ways of the cock so that 

ao the pressure of the vessel was returned to normal value. 1 .64 mtf (16 mmol) of titanium tetrachloride was Ihen addBd 
to the monomer solution to initiate polymerization. When 90 minutes passed since the initiation of the reaction, 1 .1 5 g 
(10 mmol) of an allyl trimethylsilane was added to the reaction mixture The reaction mixture was further allowed lo 
undergo reaction at a temperature of -70 d C lor 90 minutes. The reaction solution was than washed with 200 rrrf of 
water four times. The solvent was then ovaporatod to obtain an isobutene polymer. The reaction conditions used and 

35 Ihe properties of the resulting polymer are altogether shown in Tables 1 and 2. 

Example 4: 

[0064] An isobutene polymer was produced in the same manner as in Example 3 except that 128 ntf of lolueneand 
ao 32 mi ol heptane wore used as solvents. The Isobutene polymer thus produced was then evaluated in the same manner 
as in Example 3, The reaction conditions usod and the properties of the resulting polymer are altogether shown in 
Tables 1 and 2. Example 5: 

[0065] The air in a 500-me four-necked flask with a three-way cock was replaced by nitrogen. Into the vessel were 
charged 255 rrtf of toluene (which had been allowed to stand with molecular sieves 3A overnight or longer so that It 

45 was dried), 112 mf? of hexane (which had bean allowed to stand with molecular sieves 3A overnight or longer so that 
it was dried) and 1 . 16 g (5.0 mmol) of p-DCC through a syringe. To the three-way cock was then connected a pressure 
glass liquefied gas thief tube equipped with a needle valve in which 112 mfol an isobutene monomer had been charged. 
The polymerization vessel was then dippod in a -70°C dry ice/ethanol bath so that it was cooled. The system in the 
vessel was then evacuated by a vacuum pump. The needle valve was then opened so that the isobutene monomer 

so was introduced from tha liquefied gas thief tube into Ihe polymerization vessel. Nilrogon gas was than introduced into 
the polymerization vessel rrom ono of tha three ways of the cock so that the pressure of the vessel was returned to 
normal value. 0,186 g (2 mmol) of 2-methylpy ridlne was then added to the reaction system. 7 rrtf of a toluene solution 
of 2.76 mtl (25 mmol) of titanium tetrachloride was then added lo the reaction system lo initiate polymerization. When 
the reaction was initiated, the temperature rise was S.5 B C. When 2 hours passed since the initiation of the reaction, 

ss 5,48 mt (50 mmol) of titanium tetrachloride and 13.63 g (100 mmol) of 1,9-decadiene were added 1o the reaction 
system. When S hours passed since the addition of 1 ,9-decadiene, tha reaction solution was washed with S00 rn£ of 
water four times. The solvent was evaporatod. Tha rosultina isobutene polymer was then dissolved In a small amount 
of hexane. 1 ,000 mt of acetone was then added to the reaction solution with stirring ao that the polymer separated out 
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by the procipitation. The polymer thus obtained was dissolved In hexane, The volatile content was thBn evaporated to 
obtain an isobuiene polymer The reaction conditions used and the properties of the resulting polymer are altogether 
shown in Tables 1 and 2. 



5 Example 6: 

[0066] Tho air in a 500-rrtf four-necked flask with a three-way cock was replaced by nitrogen, into the vessel were 
charged 126 mf of toluene (which had boon allowed to stand with molecular sieves 3A overnight or longer so that it 
was dried), 54 mf of methyteyciohexane (which had been allowed to eland wilh molecular sieves 3A overnight or longer 

io so that It was dried) and 1.16 g {5.0 mmol) of p-DCC through a syringe. To tho threo-way cock was then connected a 
pressure glass liquefied gas thief tube equipped with a needle valve jn which 56 mff of bji isobutene monomer had 
been charged. Tho polymerization vessel was then dipped In a -70*0 dry Ice/ethanol bath so that it was cooled. The 
system In the vessel was thon evacuated by a vacuum pump. The need)o valve was then opened so that the isobutene 
monomer was introduced from the liquefied gas thief tube into the polymerization vessel. Nitrogen gas was then jntro- 

is duced into tho polymerization vessel from one of the three ways of the cock so that the pressure of the vessel was 
returned to normal value. 0.093 g (1 mmol) of 2-mothylpyridjne was then added to tho reaction system. 165 nrtf (1 5.1 
mmol) of titanium tetrachloride was then added to the reaction system Lo Initiate polymerization. 
[00671 When 70 minutes passed since tho initiation of tho reaction, 1 .24 g (10.8 mmol) of an altyl trimethylsjlan© was 
added lo the reaction system. The reaction system was lurther allowed to undergo reaction at a temporaturaof -70*0 

20 for 90 minutes. The reaction solution was then washed with 400 rrtf of water four times, The solvent was evaporated. 
The resulting Isobuiene polymer was then dissolved in a small amount of hexane. 500 mf of acotono was thon addod 
to the solution with stirring so that the polymer separated out by the precipitation. The polymer thus obtained was 
dissolved in hexane. The volatilo content was thon ovaporatod to optain an isobutene polymor. The roactjon conditions 
. usod and tho properties of the resulting polymer are altogether shown In Tacles 1 and 2. 

Example 7; 



[0068] An isobutene polymer was produced In the samB manner as in Example 1 except that 28 mf of an isobutene 
monomer, 0.2S9 g of p-DCC and 0,047 g of a-pjcolina were charged Into the reaction system, The Isobutene polymer 
30 thus produced was then evaluated in the same manner as in Example 1 . Tne reaction conditions usod andtho properties 
of the polymer thus obtained are altogether shown In TableB 1 and 2. The maximum temperature rl3e during reaction 
was 5°C. 



Example 3: 

35 

[0069] An Isobutene polymer was produced in the same manner as in Example 7 except that the polymerization 
tomporature was -S0 Q C. The isobutene polymer thus produced was then evaluated In the same manner as in Example 
7. The reaction conditions used and tho proportios ol tho resulting polymor are altogether shown in Tables 1 and 2. 

40 Example 9: 



[0070] An isobutono polymer was produced in the same manner as in Example 7 except that 24& me of toluene and 
28 n\t of hexanB were charged into the reaction vossoj. The isobutene polymor thus produced was then evaluated in 
tho samo manner as in Example 7. The reaction conditions used and the properties ol the polymer thus obtained are 
4$ altogether shown in Tables 1 and 2. 



Comparative Examplo 1: 



[0071] Into a reaction vessel were charged 276 mf of hexane, 23 mf of an Isobutene monomer, 0.2B9 g of p-DCC 
so and 0.047 g of ct-pjcolino. The reaction mixture was then stirred with the reaction vessel being surrounded by a dry 
ice-ethanol bath 6o that it was cooled to a tomporaturo of «70°C, A mixture ol 7.9 rrtf of TiC| 4 and 4 rrtf of hexane was 
thon added to the reaction system to Initiate reaction. After the completion of the reaction, the reaction solution was 
poured into a large amount of water with stirring so that it was washed. The resulting organic phase and aqueous 
phase wore thon separated from each other to remove me catalyst. The organic phase was then subjected to evapo- 
ss ration under reduced pressure to romovo the volatilo content. Thus, an isobutene polymer was obtained. The reaction 
conditions used and me properties ol the polymer thus obtained are altogether shown In Tables 1 and 2 below. 
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Example 10: 

[0072] Into a reaction vessel were charged 76 mf of mothane dichloride, 196 ntf or hexane, 28 me ol an isobuteno 
monomer, 0.2B9 g of p-DCC and 0.047 g or a-picoline. The reaction mixture was than stirred with the reaction vessel 

s being surrounded by a dry ice^eihanot bath so that it was cooled to a temperature of -70°C. A mixture of 3.95 n\t of 
TiCI 4 and 8 me ol methane dichJoride was then adclod to the reaction eyetem to initiate reaction. Arter Lhe completion 
or the reaction, the reaction solution was poured into a large amount of water with stirring so mat it was washed. The 
resulting organic phase and aqueous phase were ihBn separated irom each other to remove the catalyst, The organic 
phase was than subjected to evaporation under reduced pressure to remove the volatile content. Thus, a polymer 

io product was obtained. The reaction conditions used and the properties of the polymer thus obtained are altogether 
shown in Tables 1 and 2 below. 

example 11: 

[0073] Into a reaction vessel were charged 56 mtf of methane dichloride and 21 6 nV of hexane. The other reaction 
conditions were the same as used in Example 10. A solution of 3.65 nrtf of a catalyst inBmtot hoxano was then poured 
into the reaction vessel to initiate reaction. Thus, a polymer product was obtained. The reaction conditions used and 
the properties of the resulting polymer are altogether shown in Tables 1 and 2 below. The maximum temperature rise 
during reaction was 7 P C. 

Example 12: 

. [0074] A reaction was effected in the same manner as in Example 10 except that 1 04 mt of methane dichlorido and 
153 m*f of hoxano wore charged into the reaction vessel. Thus, a polymer product was obtained. During the reaction, 
is 9.95 g ot 1 ,9-decadiene was added to the reaction system to introduce a functional group Into the polymer, The reaction 
temperature was -50 fl C, The reaction conditions used and the properties of the resulting polymer are altogether shown 
in Tables 1 and 2 below. 

[0075] "Rio molecular weight of the polymer product and its distribution were measured by GPC analysis. Asa result, 
no low molecular by-products were delected. The maximum temperature rise during reaction was 7°C. 

30 

Comparative Example 2: 

[0076] Into a reaction vassal woro charged 23 me of methane dichloride and 244 m€ of hexane. The ottier conditions 
wore the same as used in Example 1 0. A solution of 3.95 ntf of a catalyst in 6 m£ of hoxano was then poured into the 
is reaction vessel to initiate reaction. Thus, a polymer product was obtained. The reaction conditions used and the prop- 
erties of the resulting polymer are altogether shown in Tables 1 and 2 below. 

Comparative Example 9: 

40 [0077] A reaclion was effected in the same manner as in Example 12 except that 160 me of methane dichloride, 112 
me of hexane and 0.578 g of p-PCC woro charged into the reaction vessel. Thu6. a polymer product was obtained. 
The reaction conditions used and the properties of the resulting polymer are altogether shown in Tables 1 and 2 below. 
The molecular weight of the polymer product and its distribution ware measured by GPC analysis. As a rosult, low 
molecular by-products wore dotocted in a molar fraction of 0.2. The maximum temperature rlee during reaction was 9°C. 

43 

Comparative Example 4: 

[0078] A reaction was offecied in the same manner as in Comparative Example 3 except that IBB mtf of methane 
dichloride and a4 me of hoxano wore charged into the reaction vessel. Thus, a polymer product was obtained. The 
so reaction conditions used and the properties of the resulting polymer are altogether shown in Tables 1 and 2 below. The 
molecular weight of the polymer product and its distribution woro measured by G PC analysis. As a result, tow moiecu tar 
by-produc!s were detected in a molar fraction of 0.4. The maximum temperature rise during reaction was 10°C. 



Table 1 





Solvent (charged amount 
(me)) 


Dielectric Constant 


Monomer Concentration (wt%) 


Example 1 


toluene (276) 


2.2 


24 



14 
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EPO 

Table 1 



713 



883 B1 

(continued) 



Solvent {charged amoun 



Dielectric Constant 



Monomer Concentration (vvt%) 



10 



25 



30 



40 



Example 2 
Example 3 
Examplo 4 
Example 5 
Example £ 

Example 7 
Examplo a 
Example 9 
Example 10 

Examplo 11 
Example 1 2 

Comparative Example 1 
Comparatlvo Example 2 

Comparative Example 3 

Comparative Example 4 



toluene (280) 
toluene (112), heptane (49) 
toluono (12S), heptane (32) 
toluene (262), hoxano (11 £) 



toluene (126), 
mothylcyclohexane (54) 

toluene (276) 

Toluono (276) 

toluene (249), hexane (2^) 

methylene chloride (B4), 
hexane (196) 

mothylono chlorido (56) 
hexane (224) 

methylene chlorido (112) 
hexane (163) 

hexane (276) 

mothy lone chloride (28) 
hexane (252) 

methylene chloride (i69; 
hoxano (112) 

methylene chloride (196 
hexane (84) 



2.2 
2.2 
2.2 
2.2 
2,2 

2.2 
2.2 
2.2 
4.6 

3.9 

5.0 

1.9 
3.0 

6.3 

6.7 



24 

36 
36 
20 
20 

7 
7 

a 

7 



[0078] It can be seen from the results shown In Tabl j i that Examples 1 to 9, wherein an aprotic solvent froo of 
halogcnaied hydrocarbon was used as a polymerization! solvent, exhibit a dielectric constant of from not less lhan 2.0 
to not more than 4.0. It can also be seen that Examples 1 0 to 1 3, wherein a solvent containing hatogenated hydrocarbon 
was used, exhibit a dielectric constant o! from not loss nan 3.5 to not more lhan 5.5, 



so 
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Table 2 











Mn 


Mw/Mn 




Fn (indanyl) 2 * 


Mn(cal) 


g 


Example 1 


16,000 


1.13 




0.16 






Example 2 


7,200 


1.24 


1 .95 


0,0 


9,100 




Example 3 


7,700 


1.35 


2.09 


0.0 


8,700 




Example 4 


7,900 


1.32 


2.02 


0.0 


e.aoo 


10 


Example 5 


16,700 


1.27 


1.B4 


0.0 


19,500 




Example 6 


8,300 


1.37 


1.90 


0.0 


9,600 




Example 7 


14,600 


1.12 




0.17 






Example 8 


14,300 


1.2 




0.1B 




15 


Example 9 


16,100 


M0 




0.14 




Example 10 


10,500 


1.07 




0.11 






Example 11 


15,800 


1.03 




0.13 






Example 12 


13,500 


1.2 


1.79 


0.17 






Comparative Example 1 


1,550 


7.02 




0.87 




20 


Comparative Example 2 


2,060 


7.44 




0,60 






Comparative Example 3 


9,310 


1.75 




0.21 






Comparative Example 4 


9,270 


1.6 




0.26 





1) Average by number of carbon-carbon double boncfc qoplnlncd In enp molecule a f teobutenb polymer' 
2$ 2) Average by number ol Indanyl groups contained in ono molecule of jsobwteno polymer 

[0080] The results in Table 2 show that a solvent system having a high monomer concentration Tree of halogenated 
hydrocarbon can provide an isobutene polymer having a low Mw/Mn ratio and a high terminal functionality. It can be 
also seen from the results of Comparative Example 1 that a solvent system comprising hexane alone cannot provide 
& a good polymer. 

INDUSTRIAL APPLICABILITY: 

[0081] 

35 

(1) By selecting a specific solvent system, it is made possible to prevent the resulting polymer 1rom being precip- 
itated and enhance the monomer concentration during polymerization , 

(2) By selecting a specific solvent system, it is made possible to obtain a good polymer having a narrow molecular 
weight distribution and a 3ma|l number of indanyl groups. 

40 (3) If a solvent free of halogenated hydrocarbon is used, no special treatments for haloganatod hydrocarbon in 

waste water or wasto solvoni generated from the catalyst deactivation and rinsing process after polymerization 
reaction are required. 

4$ Claims 

1. A process for preparing an isobutena polymer having functional groups at the terminals at a temperature of from 
not lower than -100 e C to not higher than 0 n C from the following components as essential components : 

50 (A) a cationically polymerlzable monomer containing isobutene; 

(B) an organic compound as an initiator/chain transfer agent represented by formula (1): 



55 
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X 1 



wherein X represents a halogen atom, RO group or RCOO- group (in which R represents a monovalent 
organic group); R a repreBenl3 a polyvalent aromatic group or substituted or unsubstituted polyvalent aliphatic 
10 hydrocarbon group; R1 and R- may bo tho samo or djfforont and each represent a hydrogon atom or substituted 

or unsubstituted monovalent hydrocarbon group, with the proviso that when R 3 is a polyvalent aliphatic hy- 
drocarbon group, ono of FP and R 2 is not a hydrogen atom; and n represents an integer of from 1 to S; 

(C) an aprotic Bolvent free of halogenated hydrocarbon; and 

(D) a Lewis acid, excluding dialkyl aluminium chloride and dialkyl boron chloride. 



is 



30 



45 



wherein said component (C) exhibits a dielectric constant o| from not less than 2.0 to not more than 4.0 at a 
temperature of 20° C. 



2. A process for preparing an ieobuiene polymer having lunclionai groups at the terminals ai a temperature of from 
20 not lower than -100°C to not higher than 0°C from tho following components as essential components: 

(A) a cationically polymorizablo monomer containing isobutene; 

(B) an organic compound as an initiator/chain transfer agent represented by formula (1): 



4c-x)„ 



It 



wherein X represents a halogen atom, RO- group or RCOO- group (in which R represents a monovalent 
organic group); R 3 represents a polyvalent aromatic group or substituted or unsubstituted polyvalent aliphatic 
hydrocarbon group; R 1 and R 2 may be me same or different and each represent a hydrogen atom or substituted 
06 or unsubstituted monovalent hydrocarbon group, with the proviso that when R 3 is a polyvalent aliphatic hy- 

drocarbon group, one of fii and F£ is not a hydrogen atom; and n represents an Integer of from 1 to 6; 
(C) an aprotic solvent containing halogenated hydrocarbon; and 
<D) a Lawls acid, excluding dialkyl aluminium chloride and dialkyl boron chloride 

40 wherein said component (C) exhibits a dielectric constant of from not lees than 3,5 to not more than 5.5 at a 

temperature of 20°C. 

3. The process lor preparing an isobu tene polymer terminated by functional groups according to Claim 1 or 2, wherein 
said component <C) contains an aromatic hydrocarbon. 



The process for preparing an Isobutene polymer terminated by functional groups according to any one of Claims 
1 to 3, wherein said component (C) is a mixture of an aromatic hydrocarbon and an aliphatic hydrocarbon. 



5. Tine process for proparing an isobuteno polymer terminated by functional groups according to any one of Claims 
so 1,9 and 4, wherein said component (C) exhibits a dielectric constant of from not less than 2.0 to not more than 

2.5 at a temperature of 20 D C. 

6. The process for preparing an Isobutene polymer terminated by functional groups according to any one of Claims 
3 to 5, wherein said aromatic hydrocarbon is selected from the group consisting of benzene, toluene, xylene and 

ss ethylben2ene. 

7. The process for preparing an Isobutene polymer terminated by functional groups according to any one of Claims 
1 lo 6, wherein the concentration of said component (A) in the system Is from 5 to 40 wt%. 
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8. The process for preparing an isobutane polymer terminated by fupccional groups according to any one ol Claims 
1 to 7, wherein said component (9) is selected from Ihe group consisling of p-dicumyl chloride, m-dicumyl chloride, 
p-dicumyl methoxida, m-djcumyl methoxido, 1 ,3,5-tricumyl chloride and 1 ,3,5-tricumyl methoxide. 

5 9. The process for preparing an isobutene polymer terminated by functional groups according to any one of Claims 
1 to a, wherein said component (D) is boron trichloride or tjlanium tetrachloride. 

10. Tho process for preparing an isobutene polymer terminated by functional groups according to any one ol Claims 
1 to 9, wherein an electron donor is further added aa a component (E) in addition to said components {A) to (D). 

11. A process for preparing an isobutene polymer having carbon-carbon double bonds at the terminals, which com- 
prises adding an allyl trimethylsilane in an amount of from 0.5 to 1 .5 mol per mo! of the group X in said component 
(B) before the formation of an Isobutene polymer terminated by functional groups according to any one of Claims 
1 to 10 or before the deactivation of said componont (D) following the formation of said isobutene polymer. 

is 

12. A process for preparing an isobutene polymer having carboi>carbon double bonds at the terminals, which com- 
prises adding 1,9-decadiene In an amount of Irom 1 .5 to 10.0 mol per mol of the group X in said component (B) 
belore the formation of an isobutene polymer terminated by functional groups according to any one of Claims 1 to 
10 or before the deactivation of said component (D) following the formation of said isobutene polymer, 

so 

PatentanfiprGche 

1, VerfahrenzurHerstellung eineslsobutenpolymers, das endstandigefunklionelleGruppenaufweist, bei eine r Tam- 
^s peratur nicht unterhalb von -100*C ble nicht oberhalb von 0 ft C aus den folgenden Komponenten als wesBnllichen 
Komponenlen: 

(A) eln katlonisch porymerisierbares Monomer, das Isobuion onthalt; 

(B) oine organische Verblndung als Inltoor/KettenObertragungsreagens, dargestellt durch die Pormel (I) 



3G 



woboi X ein Haloganatom, elnen RO-Rest Oder RCOO-ResI darstellt (wobei R elnen einwerllgen organischen 
Rest darolefll); R 3 einen mehrworligen aromatischen Rest odor oinon substitute rten odor urisubslituierten 

40 rnBhrwonigen aliphatischen Kohlenwaeeersioffrest darstellt; R 1 und R2, die glejeh Oder verschleden sein kon- 

nan, eln Wa6serslollalomoder elnen aubstituierten Oder unsubstitulerten einwerttgen Kohlenwassorstoffrest 
darstellon, mit dor MaQgabe, daft, falls R a eln mehrwertigor aliphatischer Koh Ian wasserstoff rest let, entwedar 
R 1 Oder R 2 Kain Wassorsioffatom ist; und n oino ganze Zghl von 1 bis 6 darstellt; 
(C) ein aprotisches L66ungsmittel, das frel von haiogenlarlan Kohfenwasserstoffen ist; und 

4$ (D) eine Lewissauro, ausgenommen Dialkylaluminiumchlerid und Dialkylborchlorid, 

woboi die Komponente (C) eine Dleleklriiilalskonslanle von nicht wenigar als 2,0 bis nicht mehr als 4,0 boj einer 
Temperatur von 20 D C aufwoist, 

so 2. Vorfahron 2ur Merstallung eines leobulenpolymors, das endslandige funklionelle Gruppen aulweist bei ainer Tem- 
peratur nicht unterhalb von-100°C bis nicht oborhalb von 0°C aus don folgondon Kompononten als wesentliche 
Komponenten: 

(A) ein kationisch polymarjsierbares Monomer, dae feobuten enthalt; 
# (B) eine organische Vorbindung als Initiator/KottonubenragungsroagGns, dargestelit durch dia Formel (I) 
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wobei X oin Halogenatorn, oinon RO-Reat oder RCOO-fteal darstellt (wobei R einen elnwertlgan organisation 
Rest darstellt); R 3 einen rnehrwertigen aromatischen Rast odor oinan Bubstituiarten oder unsubBtiluierlen 

10 mehrwarligen aliphatjschon Kohlenwassersloftrest darstellt; FP und R 2 , die gleich oder verechieden sain K6n- 

nen, ©In Wasserstoffatom Oder elnen sub$lituierten oder unsubstituierten einwertigen KohlenwasserstoKreBt 
darstollon, mit dor Maftgaba, daB, falls R 3 ain mehrwertiger aliphallscher Kohlenwasserstoffreet i$t, entwader 
R 1 odor R 2 koin Wasserstoffatom ist; und n sine ganzo Zahl von 1 bis 6 darstellt; 
(C) ein aprotlschea Losungsmiltel, daa halogenlenen Kohjenwassarstoff anthatt; und 

15 (D) sine Lewieeaure, ausgenommen Dialkylaluminiumchlorid und Dialkylbarchlorid, 

wobei die Komponente (C) elne Dlelektrizitatskonstante von nicht wonigor a|s 3,5 bis nicht mchr a|s 5,5 bai einer 
Temperatur von 20 a C aufwoist. 

SO 3. Vcrfahron zur Herstellung eines durch funktionollo Gruppon abgoscrilossenen I sobuten polymers gemafc Aneprueh 
1 Oder 2, wobei Komponente (C) einen aromatischen Kohlenwasserstoft enthatt. 

4. Verfahren zur Herstallung einea durch funktionelle Gruppen abgeschfoseanen Isobutenpolymers gemaG ainom 
dor Anspruche. 1 bis 3, wobei Komponente <C) oino Mischung aus einem aromatischen Kohlenwaaserstoff und 
»s oinem aliphatischon Kohlenwasserstoft isi. 

6. Voilahron zur Herstellung aines durch funktionollo Gruppon abgeschloesenen I sob uten polymers gemaG einem 
dar AnsprOche 1, 3 und 4, wobei Komponente (C) sine Dlalaktrizitatskonstante von nicht weniger als 2,0 bis nicht 
mehr als 2,5 bei ainar Tomporatur von 20°C aufwaist. 

30 

6. Verfahran zur Herstellung eines durch funktionollo Gruppon abgeschlossenen Isobutenpotyrners gemafr einem 
der AnsprOche 3 bis 5, wobei der aromatiacha Kohl anwasserel off ausgewahlt ist aus Benzol, Toluol, Xylol, und 
Ethylbenzol. 

7. Verfahren zur Merstellung oinos durch funktionelle Gruppen abgeschlossenen leobuienpolymers gemafe elnom 
dar AnsprOche 1 bis $, wobei die Konzeniration dar Komponente (A) im Systom boi 5 bis 40 Gaw.-% liegt. 

8. Verfahren zur Herstellung eines durch funktionelle Gruppen abgeschloeeenen Isobutenpolymers gernafc einom 
dar AnsprOche 1 bis 7, wobei Komponente (B) ausgewahlt ist aus p-Dicumylchlorjd, m-Dicumylchlorid, p-Dicumyl- 

40 melhoxid, m-Dicumylmothoxid, 1,3,5-Tricumylchlorid und 1 ,3,5-Trlcumylmethoxld, 

9. Verfahren zur Horstallung eiaas durch funktionelle Gruppon abgeschlossenen Isobuienpolymers gemaG einem 
der Anspruche 1 bis 8, wobei Komponente (D) Bortrichlorid odar Titan letrachlorid let. 

46 10. Verfahren zur Herstellung eines durch funktionelle Gruppen abgeschloseenen Isoputenpotymars gemaft einam 
dar Anspruche i bis Q, wobei weiterhin ein Elaktronendonor als Komponente (E) zusatzlich zu den Komponenten 
(A) bie (D) zugegeben wird. 

11. Verfahren zur Herstellung eines I sobutan polymers, das endstandiga Kohlonsloff^Kohlanstott-Doppelbjndungen 
bo tragi, umtassond dio Zugabe aines Allyltrimomylsjlans in einor Monge von 0,5 bis 1,5 Mol pro Mol das Restes X 

in Komponente (B) vor der Erzeugung eines durch lunkllonelle Gruppen abgeschlossenen Isobutenpolymers ge- 
maB einem der Anspruche 1 bis 10 Oder vor der DeaktMeomg der Kcmpononto (D), die der Erzeugung des Iso- 
buienpolymers folgt. 

s$ 12. Verfahren zur Herstellung aines IsobutenpolymerB, das endstandiga Kohlanstofl-Kohlanstoff-DoppQlbindungon 
tragi, umfassond die Zugabe von i,9-Docadjon in einor Monge von 1,5 bis 10,0 Mol pro Mol des Restes X In 
Komponente (B) vor der Erzeugung eines durch funktionelle Gruppsn abgeschlossenen Isobutenpolymers gemaO 
einem der Anspruche 1 bis 10 odor vor der DeaktMerung der Komponente (D), die der Erzeugung des Isobuton- 
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polymers folgt. 



Rovendlcatlons 

£ 

1. Procede pour la preparation d'un polymer© d'isobuiene presentant des groupas fonctionnels aux terminaisons a 
une temperature d'au moins -100°C a au plus 0°C a partir dea constituants suivante en tant que consthuants 
essentials : 

to (A) un monomer© catlonlquement polymerisable contenant d© J'isobutfcno ; 

(B) un compost organiquo on tant qu'jnitiateur/agent da transfert de chaTne represent© par la formula (1) : 



20 



I 



" X )n (1) 
R 2 



dans laquollo X ropresonte un atomo d'halogdno, un groupo HO- ou un groupe RCQO- (dans lequel R repre- 
sent© un groupe organique monovalent) ; R 3 represent© un groups aromatiquo polyvalent ou un groupo hy- 
drocarbons aliphaiiquo polyvalent substitue ou non subElituo ; R 1 el R 2 peuvenl etre idenliqueB ou different© 
©t represent©ntchacun un atom© d'hydrogene ou un groupo hydrocarbono monovalent substitua ou non subs- 
tjtuB, a la condition que lorsque R 3 est un groupe hydrocarbono aliphatjque polyvalent, un parmi R 1 et R 2 n'ast 
pas un atoms d'hydrogene ; et n represent© un nombra enlier de 1 a $ ; 

(C) un solvant aproiique exempt d'hydracarburo halogen© ; et 

(D) un aclde de Lewis a Pexclueion du chlorure de dlalkylalurnlnlum et du ehtorura de dlalkylbore, 

30 dans lequel ledit constUuant (C) presents une constants dieleclrlqu© d'au moins 2,0 a au plus 4,0 a une temperature 

de20°C, 

2. Procede pour la preparation d'un polymare d'ieobutene presentant des groupes fonctionnols aux lorminaisons a 
une temperature d'au moins -lOO'C a au plus 0 P C a partir des constituent© suivants en tant que constituents 
ss essentials : 

(A) un monomer© catloniquemant polymerisable conlenant de I'isobutene ; 

(B) un compose organiquo on tant qu'tnrtiateur/agent de transferl de chain© represents par la lormule (1); 

40 



45 



R 2 



dans laquelle X raprssem© un atom© d'halogene, un groupe RO- ou un groupo RCOO- (dans lequel R ropro- 
so sente un groupe organiquo monovalent); R° ropresonte un groupe aromatique polyvalent ou un groupe hy- 

drocarbon© aliphatlqu© polyvalent substitu© ou non substftue ; R 1 ot R 2 pouvont 6tre idontiquos ou djffdronts 
et ropresentent chacun un atomo d'hydrogene ou un groupo hydrocarbons monovalent substilua ou non subs- 
titue, a la condition que lorsque R 3 esl un groupB hydrocarbon© aliphatlqu© polyvalent, un panmi R 1 et R2 n'ast 
pas un atomo d'hydrogene ; et n roprcsonto un nombro ontior de 1 a 6; 
55 (C) un solvant aprotiqu© contenant un hydrocarbure halogepe ; et 

(D) un acid© da Lewi© a fexclueion du chlorure d© dialkyialuminium et du chlorure do djalltylboro, 

dans lequel ledit constituent (C) prtSsonto une constanto dioloctriquo d'au moins 3,5 a au plus 5 k 5 a une temperature 
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ds 20°C. 

3. Procodo pour la preparation d'un polymoro d'isobutene tormina par des groupBs fonctionnels selon la revendfcatlon 
1 ou 2, dans lequel ledit constituanl (C) contlent un hydrocarbure aromatique, 

5 

4. Procede pour la preparation d'un polymere d'isobulene termini par dee groupes fonctionnels selon Tune quelcon- 
que dee revendications 1 a 3, dans lequel ledit constituanl (C) est un melange d'un hydrocarbure aromatique et 
d'un hydrocarbure aliphatiquo. 

10 5. procecio pour la preparation d'un polymere d'jsotmtono termino par des groupes lonctlonnels selon I'une quelcon- 
que des revendications 1 , 3 et 4, dans lequel ledit canBtiluant (C) presente une constants didlectriqua d*au moins 
2,0 a au plus 2,5 a une temperature de 20*C. 

6. Procedo pour la preparation d'un polymoro d'isobutano tormina par des group©3 fonctionnels selon Tuhb quelcon- 
que dee revBndlcalione 3 b 5, dans lequel ledll hydrocarbure aromatique est choisi parmi lo benzene, le toluena, 
lo xylene et I'eihylbenz&ne. 

7. Procedo pour |a preparation d'un polymoro d'isobutone terming par des groupes tonctlonnels SBlon Tune quelcon- 
qus dee ravendicalione 1 & 6, dans lequel la concentration dudil constituant (A) dans le systems est de 5 a 40 % 

20 en poids, 

8. Proctkle pour la preparation d'un polymers d'ifiobutsne termine par des groupes fonctionnels selon I'une quelcon- 
quedes rev on d|ca lions 1 a7 p dans |oquo| lodjt constituant (B) est choisi parmi b chlorure dep-dicumyle, (e chlorure 
de m-dicumyle, le p-dicumylmethoxyda. le m-dicumylme'thoxyde, Is chlorure do t,3,5«tricumylo ct lo 1,3,5'tricu- 
mylmathoxyde. 

9. Praceda pour la preparation cfun polymers d'isobutons termine par des groupes fonctionnels selon I'une quelcon- 
que dee revendications 1 a 8, clans lequel ledit consliluant (D) est Is trlchlorure de bore ou is t6trachlorure de titane. 

30 io, Procede pour la preparation d'un polymere d'isobutene termini par dee groupes fonctionnels selon I'une quelcon- 
que des rsvendteRllone 1 a 9, dans lequel un donneur d'eleetrons est en outra ajouto on tant quo constituant (E) 
en plus desdits constjtuants (A) & (P). 

11. Precede pour la preparation d'un polymere d'iaobutene presenlant des doubles liaisons carbone-carbone aux 
35 terminaiaons, lequel comprend I'addition d'un allyltrimethylsilane dans une quanfite de 0,5 a 1 ,5 mole par mole du 

groupe X dans (edit constituanl (B) avant la formation d'un polymere d'isobutene termini par des groupss fonc- 
tionnels selon I'une quelconque des revendications 1 a 10 ou avant la desactivation dudit constituant (D) sujvant 
la formation dudit polymers d'isobutene. 

^o 12. Precede pcur la preparation d'un polymere d'isobutene prSsentant dos doubles liaisons carbone-carbone aux 
termlnaisons, lequel comprond I'addition de 1 ,9-decadiene dans une quantite ds 1,5 a 10,0 mote par mote du 
groupo X dans [edit constituant (B) avant la formation d'un polymere d'isobutene terming par de3 groupes fonc- 
tionnels selon I'uno quolconquo dos rovondications 1 a 10 ou avant lo desactlvation dudit constituant (D) suivant 
la formation dudit polymere d'isobutene. 

45 
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